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THE F-15B PROPULSION FLIGHT TEST FIXTURE:
A NEW FLIGHT FACILITY FOR PROPULSION RESEARCH
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Ting Tseng,TAnthony Ginn,* and David Richwine**
NASA Dryden Flight Research Center
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ABSTRACT

The design and development of the F-15B Propulsion
Flight Test Fixture (PFTF), anew facility for propulsion
flight research, is described. Mounted undernesth an
F-15B fuselage, the PFTF provides volume for
experiment systems and attachment points for
propulsion devices. A unique feature of the PFTF is the
incorporation of a six-degree-of-freedom force balance.
Three-axis forces and moments can be measured in
flight for experiments mounted to the force balance. The
NASA F-15B airplane is described, including its
performance and capabilities as a research test bed
aircraft. The detailed description of the PFTF includes
the geometry, internal layout and volume, force-balance
operation, available instrumentation, and allowable
experiment size and weight. The aerodynamic, stability
and control, and structural designs of the PFTF are
discussed, including results from aerodynamic
computational fluid dynamic calculations and structural
analyses. Details of current and future propulsion flight
experiments are discussed. Information about the
integration of propulsion flight experiments is provided
for the potential PFTF user.
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NOMENCLATURE
Cp drag coefficient
CIB dihedral effect derivati_ve (r_olling moment
caused by angle of sideslip)
Cma longitudinal static stability derivative
ng directional static stabi I_it_y derivative
(“weathercock” stability)
Cy side force coefficient
CFD computational fluid dynamics
F force
F.S fuselage station
FTHI Flight Test Fixture 1
GPS global positioning system
PCM pulse code modulation
PFTF Propulsion Flight Test Fixture
q dynamic pressure, |bf/ft?
RBCC rocket-based combined cycle
X axial direction
y side direction
z vertical direction
B angle of sidedlip, deg

INTRODUCTION

In recent years, interest has been renewed in flight
demonstrations of advanced air-breathing propulsion
systems. Concepts such as the rocket-based combined
cycle (RBCC) and pulse detonation engine (PDE) have
come to the forefront of next-generation propulsion
systems for missiles, high-speed aircraft, and space
access. To take these and other propulsion concepts from
ground test to areal flight environment, NASA Dryden
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Flight Research Center (Edwards, California) has
developed the Propulsion Flight Test Fixture (PFTF)
for the NASA F-15B research airplane (fig. 1).

EC96-43546-1

Figure 1. The NASA F-15B airplanein flight.

The PFTF (fig. 2) builds on flight research experience
withthe NASA F-15B aerodynamic Flight Test Fixture I
(FTF1).! The F-15B—PFTF combination provides a
unique, low-cost flight facility for developing and flight-
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Figure 2. The PFTF.
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testing advanced propulsion systems and components.
The PFTF is mounted along the fuselage centerline
underneath the F-15B airplane. The fixture provides the
support structureand volumefor propellant feed systems,
control systems, and instrumentation needed to flight-test
propulsive devices. Subsonic, transonic, and supersonic
flight data can be obtained for test points to a maximum
speed of approximately Mach 1.8 and dynamic pressure
of 1100 Ibf/ft? (52.67 kPa).

Note that use of trade names or names of
manufacturers in this document does not constitute an
official endorsement of such products or manufacturers,
either expressed or implied, by the National Aeronautics
and Space Administration.

AIRPLANE AND AERODYNAMIC FLIGHT
TEST FIXTURE Il DESCRIPTION

The F-15B aircraft is a two-seat fighter and trainer
version of the F-15 high-performance, supersonic
air-superiority fighter built by the McDonnell Aircraft
Company (now The Boeing Company, St. Louis,
Missouri). The aircraft is powered by two F100-PW-100
turbofan engines with afterburners manufactured by
Pratt & Whitney Aircraft Engines (West Palm Beach,
Florida). Each engine has an uninstalled, sea-level static
thrust rating of approximately 25,000 Ibf (91,188 N).
The F-15B aircraft has alength of 63.7 ft (19.42 m) and
awingspan of 42.8 ft (13.05 m) (fig. 3). The aircraft has
a basic operating weight of 27,500 Ib (12,474 kg) and a
maximum takeoff gross weight of 54,000Ib
(24,494 kg).

The NASA F-15B airplane has been converted from
its United States Air Force role as an air-superiority
fighter to a research test bed airplane. Research
instrumentation, recording, telemetry, and video systems
have been installed in the airplane. One significant
feature of the F-15B research capability isthe ability to
carry the aerodynamic FTF-II. The FTF-II is a low-
aspect-ratio, fin-like shape installed on the F-15B
centerline pylon similar to the installation of an
operational centerline fuel tank (fig. 3). The FTF 1 isa
second-generation research fixture; the first flight test
fixture was flown on the NASA F-104 airplane! The
FTF-II has alength of 107 in. (271.80 cm), a height of
32in. (81.28 cm), and awidth of 8 in. (20.32 cm).

American Institute of Aeronautics and Astronautics
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Figure 3. The NASA F-15B airplane with the FTF-I
installed.

PROPULSION FLIGHT TEST FIXTURE
DESCRIPTION

The PFTF is comprised of an auminum main
structure, an interna force baance, and interna
equipment racks. The PFTF has a length of 107 in.
(271.78 cm), a height of 19 in. (48.26 cm), and a width
of 10 in. (25.40 cm) (fig. 2). Fabricated from a solid
billet of 6061-T6 aluminum, the empty PFTF main
structure has a weight of approximately 350 Ib
(158.76 kg). The PFTF interna configuration,
experiment interface, and allowable experiment size are
described in the following sections. A brief description
of the expected aerodynamic flow quality around the
PFTFisalso given.

Internal Configuration

The PFTF is divided into three bays (forward, mid,
and aft) that are separated by bulkheads and the
force-balance structure. An equipment rack is installed
in each bay for mounting experiment components such
as instrumentation, propellant tanks, control boxes, and
so forth. The nominal rack height is 15 in. (38.10 cm)
and the internal bay height is 17.88 in. (45.42 cm). The
volume above the racks can be used for routing
instrumentation wiring. Table 1 shows the dimensions of
each rack.

Table 1. Equipment rack data.

Maximum
equipment
Length, Width, weight,
Rack in. (cm) in. (cm) Ib (kg)
Forward 15(38.1) Taperedfrom8to3 100 (45.4)
(20.3-7.6)
Mid 21 (53.3) 8(20.3) 200 (90.7)
Aft 33(83.8) 8(20.3) 200 (90.7)

The vertical position of the center shelf in each rack is
adjustable. The racks and shelves are constructed of
aluminum angle and plate and are easily removed
through the bottom of the PFTF. The modular nature of
the racks permits experiment integration independent of
the PFTF structure. The racks are available for
experiment use, but their use is not required. An
experimenter may choose to fabricate specialized racks
or mounting hardware that can be integrated with the
PFTF.

Figure 4 shows the location of several PFTF interna
components. Instrumentation and telemetry equipment
currently occupy both sections of the forward bay and
the upper section of the mid bay. This equipment
comprises the standard PFTF instrumentation system to
be used on all flights. Notional propulsion system tanks
are shown in the other bays to illustrate a possible PFTF
configuration.

PFTF main structure

/

PFTF force
balance

010120

Figure 4. PFTF internal layout.
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Experiment Interface

Experiments will be mounted to the PFTF pylon
using aflat, force-balance metric plate located below the
middle rack. Figure 5 shows the metric and nonmetric
details of the force balance. The bottom surface of the
metric plate is parallel with the bottom of the PFTF and
protrudes from the bottom by 1.0 in. (2.54 cm).
Experiments will be mounted to the metric plate
through eight, 3/8-24 helicoiled attachment points.

Pylon top view

Section A-A
I S

Detail B)\/
Load cell
Metric _\
block\ A
° 4

Detail B (2:1)

Nonmetric
block

Metric
/ plate

010121
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Figure 5. PFTF metric and nonmetric sections.

Care must be used in routing electrical and fluid
connections across the metric break to not foul the force
balance. Typically, the force balance will be zeroed
again after all electrical linesareinstalled and fluid lines
arepressurized. Force-balancecharacteristicsaredetailed
in the “In-Flight Force Balance” section.

Instrumentation System

The PFTF instrumentation system is a subsystem of
the F-15B system (fig. 6). The airplane uses a time
division multiplexed system (TDMS) as the primary
method of collecting sensor data. The main component
of the airplane data acquisition system is the Aydin
Vector (Newtown, Pennsylvania) model MMSC 800
encoder. This encoder can accept both analog and digital
signal inputs and provides a pulse code modulation
(PCM) output for transmission and onboard recording.
Located on a pallet in the aircraft ammunition bay, the
PCM system serves as a master control stack for remote
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PCM system stacks that are located in other sections of
the airplane or test fixture.

PFTF instrumentation system
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Figure 6. PFTF instrumentation system.

A remote PCM stack is located in the PFTF, along
with analog signal-conditioning and digital signal
interface modules. All PFTF sensors are processed by
the remote PCM stack and merged with the aircraft data
stream (fig. 6). The master PCM stack converts all
analog signals to digital 12-bit words before seriaizing
the bit stream for output. Analog and digita
signal-conditioning interface modules and
instrumentation power supplies are also located on the
ammunition bay pallet.

The airplane telemetry system can simultaneously
transmit two PCM bit streams using two S-band
transmission frequencies. This feature alows for a
second master PCM system to be added to the PFTF to
accommodate high-frequency measurements. Both
S-band telemetry transmitters can radiate 5 W of power.
The power of each transmitter is equaly divided to
transmit through the upper and lower airplane antennas.

The airplane onboard recording system consists of a
digital magnetic mediarecorder configuredtorecordthree
PCM bit streams and IRIG-B time code. The recorder is
capable of more than 8 hours of data recording. The
recorded flight data is correlated with the IRIG-B time

American Institute of Aeronautics and Astronautics



code that is generated by an onboard global positioning
system (GPS) time code receiver/generator.

The baseline airplane measurement list consists of 40
analog parameters and 25 digital parameters. Available
airplane measurementsinclude noseboom static and total
pressure, total temperature, three-axis linear
accelerations, three-axis angular rates, noseboom angle
of attack, angle of sidedlip, and GPS data.

The baseline PFTF measurement list consists of 124
analog parameters. Avalable PFTF measurements
include leading-edge static and total pressure, total
temperature, three-axis linear accelerations, three-axis
angular rates, experiment reference pressure, experiment
differential pressures, and force-balance load cell
measurements.

In-Flight Force Balance

The PFTF incorporates a six-degree-of-freedom force
balance that provides an in-flight force measurement
capability (fig. 7). The force balance was designed,
fabricated, and calibrated by Integrated AeroSystems
(Costa Mesa, Cdlifornia). The balance was designed to
satisfy several important requirements. First, the balance
has to fit into a relatively small area between the
bulkheads of the PFTF. Second, the balance must be
able to accurately measure to the maximum design loads
and not fail if stressed to three times these loads. Third,
the force balance must be of operational flight quality,
meaning that it must operate properly and reliably under
the pressure, temperature, vibration, and loading
environment of flight.

Photo courtesy of Nathan Palumbo.
Figure 7. PFTF force balance.

Table 2 shows the force-balance design and ultimate
loads. The design loads in the axia (x), side (y), and
vertical (2) directions are 2000, 500, and 1500 |bf (8896,
2224, and 6672 N), respectively. The ultimate |oads are
three times the design limit loads. The design rolling,
yawing, and pitching moments are %8520 in-lb
(962.631 N-m), +10,080in-Ib (1138.887 N-m), and
+55,080 in-1b (6223.204 N-m), respectively.

Measurements from ten strain gages in the force
balance are used to compute the three forces and three
moments. As a safety feature, the force baance
incorporates overload bolts designed to retain the balance
within the PFTF in the event of load cell failure. The
metric side of the balance can be isolated with lockout
pins if balance operation is not required in flight, or for
protection of the balance (for example, during ground
handling).

Table 2. Force-balance specifications.

Predicted accuracy,

percent error of

Component Design Ultimate measured value
Axid force +2,000 Ibf 46,000 |bf <05
Sideforce +500 I bf 41,500 Ibf <10
Vertical force +1,500 | bf +4,500 |bf <20
Roll moment 18,520 in-1b +25,560 in-1b <50
Yaw moment +10,080 in-1b +30,240 in-1b <5.0
Pitch moment +55,080 in-1b +165,240in-1b <50

American Institute of Aeronautics and Astronautics
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After construction, the force balance was calibrated to
guantify the accuracy and cross-axis interactions. The
balance accuracy is afunction of the loading conditions;
therefore, only approximate numbers are discussed that
apply to the full envelope of the balance. Table 2 shows
these approximate force-balance accuracies. The axial,
side, and vertical force percent errors of measured value
arelessthan 0.5, 1.0, and 2.0 percent, respectively.

Experiment Size

The overal size of the experiment that can be
mounted on the PFTF islimited by the F-15B geometry.
The experiment height is limited by the minimum
acceptable ground clearance, which assumes a “worst-
case” scenario of amain landing gear flat tire combined
with a deflated main landing gear strut. The experiment
width is limited to provide clearance between the
aircraft main landing gear. The experiment length is
governed by the experiment shape and mounting angle.
The 13-deg rotation angle of the aircraft during anormal
takeoff further limits the size of the aft section of an
experiment. The approximate maximum experiment
dimensions are aheight of 21 in. (53.34 cm) and awidth
of 48in. (121.92 cm). Taking all of the above limitations
into account, the external experiment size envelopeisas
shown in figure 8.

28-48-in. width [] |:?-'»J []

(28-in. limit with /

current lifting rig)

Balance attachment

points
e e e e e O e e e e e
X : 36in.
! In'| 66 in
_Ll_ ________________ ==
7 rotation
Experiment envelope

angle
010123

Figure 8. External experiment size.

Flow Quality

A large, qualitative flight database exists for the flow
quality underneath the F-15B airplane carrying the
aerodynamic FTFI. Although no efforts have been

made to quantify the flow quality under the airplane,
prior flow visualization experiments have shown the
airflow to be relatively smooth and uniform.t

The data also show that an induced downwash exists
underneath the airplane. Downwash data are available at
the location where an inlet of a PFTF propulsion
experiment might be placed. The local flow angle, with
respect to the wing chord line, at this station was shown
to vary in flight from approximately 1° at Mach 0.4 to
approximately —9° at Mach 2.0. Reference 1 provides
further details regarding the downwash below the
airplane. If local flow angle is critical, an experiment
should be designed with the flexibility to adjust the
mounting incidence angle to obtain the desired flow
anglein flight at different Mach numbers.

PROPULSION FLIGHT TEST
FIXTURE DESIGN

In designing the PFTF, analyses were performed in
the areas of aerodynamics, stability and control, and
static structural loads. The following sections provide
details of these analyses and predictions.

Aerodynamics

The PFTF aerodynamic analyses were performed to
determine the drag, side force caused by angle of
sidedlip (), center of pressure, and aerodynamic loads
caused by gusts. The demonstrated flight envelope for
the FTF1 was used as a baseline for the desired flight
envelope of the PFTF (fig. 9). The FTF 1 was designed
to meet aworst-case loading condition corresponding to
sea-level flight at 800 kn; however, experience in flying
the FTF1 has shown that a more realistic, operational
airspeed limit is 650 kn. Therefore, a 650-kn airspeed
limit was used in the PFTF aerodynamics calculations
to a maximum of Mach 2. The sea-level, 650-kn flight

Mach 2.3

60 x 103
— (aircraft limit)

50 |-
40 |
Altitude PFTF design N Mach 2.0
' 30 envelope

f |
20 |- \ Maclh 1.5
10 /— Mach 0.5 /—Maclh 1.0
| | | | | | J

0
100 200 300 400 500 600 700 800 900
Calibrated airspeed, kn
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Figure 9. F-15B/PFTF flight envel ope.
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condition results in a dynamic pressure of 1433 Ibf/ft?
(68.61 kPa).

Aerodynamic Drag Model

The PFTF geometry used in the aerodynamic analyses
consisted of the basic PFTF structure and a
representative propulsion experiment “tube’ hung
underneath the PFTF. The PFTF has atotal leading-edge
wedge angle of 31° and a moderately tapered, squared
base area. The modeled tube was 12 in. (30.48 cm) in
diameter and 10 ft (3.048 m) in length.

The drag models for the PFTF and tube were
empirically modeled using data from reference 2. The
drag model incorporated skin friction, wave, and base
drag at 3 = 0°. The PFTF wave drag was cal culated using
data for a two-dimensional wedge with a constant-
thickness afterbody. The empirical data were a function
of the body fineness ratio and Mach number. A
two-dimensional base drag was cal cul ated from datafor a
wedge-shaped airfoil with ablunt trailing edge. A three-
dimensional correction, based on the PFTF fineness
ratio, was applied to the two-dimensional drag
prediction. (The PFTF fineness ratio is defined as the
maximum cross-sectional height divided by the
maximum width.) The PFTF skin-friction drag was
calculated based upon incompressible turbulent flow
over aflat pl ate. This incompressible flow assumption
is conservative because the compressibility reduces the
value of the skin-friction coefficient.

The drag of a representative tube was predicted using
two models: an open-nosed tube with zero interna flow
(that is, a blocked duct), and a solid cylinder. For the
blocked duct, additive (spillage) drag was estimated for a
normal shock inlet. Internal and external skin-friction
drag for the duct was also added. (Note that although the
tube was assumed to be blocked, the internal
skin-friction drag was included.) For the solid cylinder,
simple empirical drag data were used. In both cases, the
PFTF base drag coefficient was used in calculating the
tube base drag. The reference area for the drag
cal cul ations was the combined cross-sectional areaof the
PFTF and tube. The solid cylinder model resulted in a
higher predicted drag than the blocked duct; therefore,
the solid cylinder drag was used in the PFTF loads
calculations.

Figure 10 shows the predicted drag coefficient, Cp, as
a function of Mach number for the PFTF and tube. The
Cp of the combined PFTF and solid cylinder is
compared to the Cp, for bodies with various leading-edge
angles and similar total heights. The Cp for an aircraft
centerline fuel tank, that has a modified Sears-Haack
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body shape, is also shown for comparison. The Cp, for
the PFTF and solid cylinder is higher than for al of the
comparison shapes throughout the Mach range. The
PFTF and solid cylinder has a maximum Cp of
approximately 1.25 at Mach 1.0.

—— PFTF and solid cylinder
< F-18B centerline tank
O 10°leading-edge wedge
O 20°leading-edge wedge
A 30° leading-edge wedge

Assumed "tube" is
a solid cylinder
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Figure 10. PFTF and solid cylinder Cp as a function of
Mach number.

Side Force Caused by Angle of Sideslip

Aerodynamic side forces caused by [3 were calculated
for amaximum product of 3 and dynamic pressure (q) of
5500 deg-bf/ft* (263.341 kPa). This Bq limit is based
on operational flight experience with the F-15B/FTFI.
The side force coefficient, Cy, was calculated within the
Bq limit for amaximum  of 10°. Thislimit is based on
the expected experiment 3 requirements and the airplane
B capability in flight. The side force was estimated
using a simple “sin 3" approximation in which Cy is
set equal to the sine of B. The F-15B/FTF | flight data®
have shown that this sin B approximation provides a
conservative estimate of the side force caused by 3.

The largest PFTF side forces were obtained for flight
conditions at the lower right corner of the flight
envelope (650 kn at sea level and q = 1433 Ibf/ft2 or
68.61 kPa). For this case, based on a Bq of
5500 deg-Ibf/ftZ (263.341 kPa), B = 3.84°. The resultant
side force, calculated using the sin 3 approximation, is
2210 Ibf (9830.57 N).

American Ingtitute of Aeronautics and Astronautics



Aerodynamic Gust L oads

Aerodynamic loads on the PFTF caused by gusts were
investigated. At normal flight speeds, the gust loads
generaly were not significant. The most critical flight
condition for gust |oads was at rotation speed for takeoff.
At rotation speed, a gust generated the largest change in
the relative B and, therefore, the highest load. The
F-15B aircraft rotates for takeoff at approximately
120kn (203 ft/sec or 61.87 m/sec), so this was the
slowest speed at which gust loads were evaluated. The
maximum possible gust factor used in the calculations
was a velocity of 37 ft/sec (11.28 m/sec), based upon
flight test experience.

For the 120-kn rotation speed, a 37-ft/sec
(11.28 m/sec) gust that impactsthe PFTF broadside at an
angle of 90° to the free-stream direction results in a
relative B of approximately 10.4°. As discussed
previously, amaximum (3 of 10° isareasonable limit for
PFTF flight operations. The maximum allowable PFTF
side load caused by a gust at takeoff rotation was
calculated to be 204 |bf (907.4 N). Thisgust load will not
appreciably affect the aircraft controllability at takeoff.

Center of Pressure

The center of pressure for the PFTF was not
analytically or empirically determined. Typicaly, the
center of pressure for lifting surfaces, such as wings, is
located at approximately the quarter-chord point for
subsonic flight and at the semichord point for
supersonic flight. For the FTF 1, the center of pressure
travel was estimated to be between 15- and 66-percent
mean aerodynamic chord. Flight tests have shown the
center of pressure for the FTF-I has not been farther
back than approximately 50-percent chord. Based upon
the FTFI results, the center of pressure was estimated
to travel between 15-and 50-percent chord and have a
uniform pressure distribution along the vertical span of
the fixture.

Stability and Control

The PFTF is mounted near the F-15B center of gravity
and is not expected to cause significant stability and
control problems. Because the PFTF is mounted at the
same location as the centerline-mounted external fuel
tank, the configuration is expected to exhibit similar
stability characteristics. To verify this assumption, a
stability analysis was performed for a representative
PFTF geometry. The assumed configuration consisted of
the PFTF, a 4-ft (1.22-m) long, 10-in. (25.4-cm)
diameter, experiment “tube” mounted underneath the
PFTF; and an aerodynamic fairing between the tube and
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PFTF. The tube had a 30-deg total-angle conical nosetip
and a blunt base.

A three-dimensional model of the computational fluid
dynamics (CFD) of the PFTF and tube was created for
this configuration to determine aerodynamic forces
generated by the PFTF under severa flight conditions.
The aircraft center of gravity used for the analysis was
28-percent meanaerodynamicchord, whichcorresponded
to a fuselage station of 561.7. The computational grid
was created using commercially available software’
and the solution was obtained using the WIND finite-
volume, Navier-Stokes CFD code.®

The computed surface pressures were integrated to
obtain the aerodynamic forces. The forces were
converted to aircraft stability derivative increments and
added to F-15 air-superiority stability derivatives, which
were used as the baseline configuration to obtain the
complete F-15B/PFTF stability derivatives. The F-15
air-superiority derivatives were obtained from U. S. Air
Force flight tests.® The calculated F-15B/PFTF stability
derivatives were incorporated into the NASA Dryden
F-15 manned flight simulator to examine handling
qualities.

Longitudinal Stability

In general, the PFTF and experiment drag will
produce a nosedown pitching moment and tend to
increase overall aircraft longitudinal stability. Figure 11
shows the predicted aircraft longitudinal static stability
derivative, Cmu, as a function of Mach number. Data
for the F-15 air-superiority configuration and the F-15
configuration that has an external, centerline fuel tank,
as obtained from U.S. Air Force flight tests,® are
shown for comparison. The air-superiority configuration
has four fuselage-mounted AIM 7-F Sparrow missiles
(Raytheon Corporation, Lexington, Massachusetts) and
no centerline fuel tank. In the available literature, this
configuration is the closest to “clean.” Transonic values
are not shown because the baseline F-15 aircraft data
were not available.

The PFTF configuration is predicted to have positive
longitudinal static stability (negative C,, ) comparable
to the current operational F-15 conf?gurations. At
subsonic and supersonic speeds, the PFTF is predicted
to be more longitudinaly stable than either the F-15
clean configuration or the F-15 configuration with the
centerline tank. At speeds approaching Mach 1, the
PFTF stability matches the other F-15 configurations.
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Figure 11. Aircraft static
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longitudinal  stability

Lateral-Directional Stability

Lateral and directional stability derivatives were
obtained by the same method used to estimate
longitudinal  stability derivatives. The F-15/PFTF
configuration was expected to exhibit similar lateral and
directional stability characteristics asthe F-15 centerline
tank configuration; however, this was not the case for
dihedral effect. Figure 12 shows the aircraft dihedral
effect derivative, CI , & a function of Mach number.
The predicted PFI'F dihedral effect is less than that of
the F-15 centerline tank configuration, and the U. S. Air
Force flight tests demonstrate a stabilizing effect caused
by the centerline fuel tank mounted at the same location.
Although the PFTF configuration exhibits reduced CI
compared to the F-15 clean configuration, the mcrement
does not significantly reduce dihedral effect.

Aircraft directional stability was of some concern. In
the supersonic flight regime, the F-15 aircraft rapidly
becomes less directionally stable. Figure 13, in which
the directional static stability derivative, C, , is plotted
as afunction of Mach number, shows this characteristic.
Predicted directional stability derivatives for the
F-15/PFTF configuration show good agreement with
the centerline tank configuration. As expected, static
directional stability decreases with increasing Mach
number and reaches C, values as low as 0.0005,
but remains stable (C posmve)

9
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Flight Simulation Testing and Capabilities

The calculated PFTF stability derivative increments
were incorporated into the NASA Dryden F-15 manned
flight simulator to further evaluate F-15B/PFTF
stability and control. A lookup table, consisting of
stability derivative increments, was created and
incorporated into the simulation. The F-15B/PFTF
stability and control was investigated by evaluating
aircraft controllability and response to large B inputs at
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various flight conditions. The simulation demonstrated
that the PFTF had almost no effect on the aircraft flying
qualities. The simulation can be easily modified to
simulate future propulsion experiments by modifying
the stability derivative database.

L oads and StressAnalysis

The PFTF was structurally designed to fit within the
established flight envelope of the F-15 configuration
with the external, centerline fuel tank. Airframe loading
limits developed for this F-15 configuration were used
as the maximum alowable for the PFTF. For an F-15
centerline store, two centerline suspension lugs carry the
vertical loadsand four sway bracescarry thelateral loads.

Inertial loads were calculated for 7.5-g vertical and
1.5-g lateral accelerations, assuming a combined PFTF
and experiment maximum weight of 1600 Ib
(725.75kg). The F-15 operationa flight requirements
necessitate that the PFTF center of gravity remain
between the suspension lug locations where the PFTF
attaches to the airplane. This requirement constrains the
PFTF center-of-gravity limits to between 26 and
54 percent of the PFTF 107-in. (271.78-cm) chord
length. The propulsion experiment center of gravity
must aso remain between the forward and aft
suspension lug locations. This requirement is satisfied
as long as the experiment center of gravity is between
the forward and aft force-balance attachment points.

Shear and bending analyses assumed that the airplane

determinate where shear loads are supported by the
suspension lugs and lateral moment loads are distributed
to the leeward forward and leeward aft sway pads. The
PFTF internal loads were conservatively calculated
assuming the center of pressure was between 15- and 50-
percent chord and the center of gravity was between 26-
and 54-percent chord. For center-of-pressure or center-of-
gravity locations of 15- or 33-percent chord, 60 percent
of the lateral moments were applied to the forward
suspension lug. For a center of pressure of 50-percent
chord, the lateral moments were shared equally between
the forward and aft lugs. The vertical distribution of all
|oads was assumed to be uniform.

In calculating the moments about the lateral axis
caused by inertial forces, the entire moment was
assumed to be carried by a single suspension lug nearest
to the force. The worst-case moments generated on the
lugs by the weight of the PFTF were derived in this
manner. Axial loads were evaluated assuming that all of
the loads were absorbed by the front lug or aft lug only.

Ten load cases were evaluated in various
combinations; three related to aerodynamic side loads
applied at 15- and 50-percent chord for a Bq of
5500 deg-Ibf/ft? (263.341 kPa); two related to inertial
side loads at 1.5 g applied at 26- and 54-percent chord,;
two related to inertial vertical loads at 7.5 g applied at
26- and 54-percent chord; two related to axial loads on
the forward-aft lug; and one related to the lug preloads
caused by preloads on the sway braces (table 3). The

suspension lugs and sway braces are staticaly aerodynamic side load and inertial loading cases were
Table 3. Summary of PFTF applied loads.
Fy, Fy, F,,
Applied load Ibf (positive x aft) Ibf (positivey right) Ibf (positive z up)
Aerodynamic loads:
g = 1000 Ibf/ft? (B=0°) 2247 0 0
q = 1092 Ibf/ft? (B=0°) 2454 0 0
q = 1432.5 Ibf/ft? (3=0°) 3340 0 0
Bg = 5500 (q=1432.5 Ibf/ft?) 3340 2210 0
Bg = 5500 (q=1092 |bf/ft?) 2454 1685 0
Bg = 5500 (q=550 Ibf/ft?) 1236 2200 0
Inertial loads:
7.5 g normal 0 0 —12000
1.5 g axial 2400 0 —-1600
15¢latera 0 2400 —1600
Vertical preload (at fore and aft lugs) 0 0 -3024
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evaluated using a waterline moment arm of 15.5in.
(39.37 cm) astheloads were transferred into the airplane
suspension lugs and sway braces. The aerodynamic axial
load cases used a moment arm of 16.5in. (41.91 cm) as
theloading wastransferred directly intotheairframe. The
resulting shear and moment diagrams, required for seven
of theload cases, were analyzed and cleared as having no
impact to the airplane.

Based on the above assumptions, a thorough stress
analysis of each fixture structural component was
performed using worst-case design limit shear or
moment loads, as appropriate. The analyses included the
PFTF, force balance, experiment adapter, suspension
lug inserts, pylon internal racks and mounting hardware,
and pylon side panels and mounting hardware. The
minimum acceptable number of fasteners in each area
was determined. The areas of most concern were the
lower limbs of the aft section of the PFTF, which help
support the large, cantilevered aft section and the
heaviest internal rack.

The stress analyses determined that all margins of
safety were positive. Margin of safety (MS) is defined as

MS = Ultimate load or stress _1
(2.25)(Design limit load or stress)

Thelowest margin of safety calculated for the PFTF was
0.19 because of tearout stressin the internal racks when
fully loaded to 200 Ib (90.7 kg) and subjected to a 7.5-g
inertial load.

L oads on the F-15 Centerline Pylon

A conservative estimate of the loads transferred to the
airplane pylon is to evaluate the combined aerodynamic
and inertial loading in the longitudinal direction in
summation with the highest loading along the vertical
and lateral-directional axes of the airplane. In such an
analysis, al the possible worst-case forces would
simultaneously act upon the pylon. However, this
summation does not reflect redlistic scenarios. Under
extreme flight conditions, only two of the three
worst-case forces can couple at the same time.

Consequently, the maximum estimated loads at the
horizontal centersof gravity and pressure of the PFTF are
F,= -12,000 Ibf (-53,378.6 N) (down), Fy = 2210 Ibf
(9830.6 N) (right), and F, = 3340 Ibf (14,857.1 N) (aft)
for the case in which the horizontal center of gravity is
located 15.5 in. (39.37 cm) below the suspension lugs
and sway braces onthe pylon. Notethat thesideand axial
forces, Fy and F,, do not include any inertial terms. An
effective moment arm of 16.5 in. (41.91 cm)—1-in.
(2.54-cm) longer—was used to approximate the added
height caused by the suspension lug.

These forces are relatively low when compared with
the ultimate loads for the F-15 aircraft shown in table 4.
The numbered conditions denote worst-case loading
conditions defined within a large matrix used for the
development of the FTFI 1 To have confidence in the
design of the PFTF, the ultimate loads on the fixture
must not simply be less than each individual maximum

Table 4. F-15 cleared ultimate |oads.

F-15 F,, Ibf Fy | bf F,, 1bf Moment
configuration Condition (up) (left) (aft) arm, in. Comments
Centerlinetank ~ 723101Ng 3/ 400 —490 720 15.75 Maximum
pullout F,case
Centerlinetank ~ 7207ONG 59500 14,300 1,380 “ Mexdimum
pullout Fy case
#43 rollin Maximum
Centerline tank 9 -30,200 12,020 7,250 “ combined
pullout .
three-axis case
Centerlinetank  9-g crash 6,420 ~38,500 : Maximum
F, case
Maximum Maximum
PFTF totals . —27,000 4,973 7,243 15.50 combined
combination

three-axis case
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on the F-15 configuration that has the centerline tank.
Rather, the ultimate loads on the PFTF must be less
than those incurred by the F-15 airplane for a maximum
combined three-axis loads case. Recall that the
aerodynamic and inertial loading cases were evaluated
using amoment arm of 15.5 in. (39.37 cm) as the loads
were transferred into the sway braces. The dynamic
pressure cases use a moment arm of 16.5 in. (41.91 cm)
asthe loading istransferred directly into the airframe.

PLANNED FLIGHT EXPERIMENTS

Planned PFTF flight experiments are described to
provide insight about experiment design and PFTF
flight test. The PFTF envelope expansion flights; flight
tests of a simple, normal shock inlet configuration; and
the RBCC flight experiment are discussed.

Envelope Expansion Flights

The PFTF envelope expansion flights will be
performed to determine the performance envel ope of the
F-15B/PFTF configuration and verify acceptable flying
gualities. These flights will clear the PFTF for flight in
the design envelope while carrying a large test article.
Also, the operations of the in-flight force balance and
instrumentation system will be verified.

The PFTF will be flown with a large tube attached to
simulate a propulsion experiment (fig. 14). The tube is
10 ft (3.048 m) in length and has a diameter of 10 in.
(25.4 cm). The tube has a conical nose section and a
blunt base. A five-hole conical probe extends from the
conical nose to measure total pressure, angle of attack,
and angle of sidedlip. Static-pressure taps on the tube
base measure the tube base pressure. The cone-tube

EC 01 109-05

Figure 14. Tube experiment.
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configuration is designed to create significant drag to
help verify the operation of the in-flight force balance.

Normal Shock Inlet Flight Tests

The next series of flight tests will use the PFTF with
the same tube hardware flown in the envel ope expansion
flights. The cone nose and base plate will be removed
from the tube to permit internal flow through the tube.
A simple, normal shock inlet will be attached to the
tube. The total pressure distribution will be mapped
downstream of the inlet with a “wagon-wheel” type of
flow distortion rake (fig. 15). These series of inlet flow
tests will help characterize the flow for future
propulsion experiments that will build on the tube
hardware.

010129

Figure 15. Inlet distortion rake.

Rocket-Based Combined Cycle Experiment

The first combusting propulsion test to be flown on
the PFTF will be an axisymmetric, simultaneous-
mixing-and-combusting RBCC experiment (fig. 16). In
this RBCC concept, a rocket is placed inside an air-
breathing duct, alowing a fuel-rich, rocket exhaust to
mix with the air inside the duct.” The entrainment of air
by the rocket exhaust and the burning of the fuel-rich
exhaust augments the thrust of the rocket, thereby
producing more thrust than does the rocket alone.
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Figure 16. Conceptual RBCC experiment
F-15B/PFTF.

on

The RBCC flight experiment also will use the tube
and normal shock inlet. A simple rocket thruster will be
installed inside the tube. The rocket will be fueled with
gaseous oxygen and methane. The maximum predicted
RBCC thrust is approximately 1000 Ibf (4448.2 N). The
RBCC flight experiment will provide baseline flight
data for comparison to design codes and anaytica
techniques for RBCC engines. The RBCC flight data
will also be obtained at transonic Mach numbers for
which obtaining wind-tunnel data is often difficult.
Beyond the specific RBCC propulsion research goals,
the experiment will serve to vaidate the PFTF
capability to serve as afacility for future, more complex
propulsion experiments.

CONCLUDING REMARKS

The Propulsion Flight Test Fixture (PFTF) offers a
unique, low-cost flight research capability, available to
the propulsion community, for the testing of propulsion
systems and components in a real flight environment.
The F-15B/PFTF combination has been predicted to
provide flight test Mach numbers as great as Mach 1.8,
atitudes to approximately 50,000 ft (15,240 m), and
dynamic pressures as great as 1100 |bf/t2 (52.67 kPa).
Maximum  propulsion experiment weights of
approximately 500 Ib (226.8 kg) can be flown. The
F-15B/PFTF flight envelope makes the PFTF an ideal
facility for testing propulsion systems that are
applicable to aircraft and access-to-space vehiclesin the
subsonic, transonic, and low supersonic regions.

The aerodynamic Flight Test Fixture Il (FTFI) was
discussed to highlight past experience leading to the
development of the PFTF. A complete description of the

13

PFTF characteristics, capabilities, design, and planned
experiments was provided.

Information was provided about the NASA F-15B
carrier airplane and the installation of the PFTF. The
size, capability, and construction of the PFTF were
described. The PFTF geometry, internal configuration
and capacity, and force balance system were discussed.
The force balance can measure forces and moments in
three axes and has a thrust measuring capability to a
maximum of 2000 |bf (8896.4 N), with a predicted error
below 0.5 percent. The instrumentation system design,
capabilities, and measurement potential were given. The
instrumentation system can monitor 124 PFTF
measurements and telemeter the datato a ground station
inreal time.

The design of the PFTF was shown. Detail of the
aerodynamic design, stability and control analysis, and
structural design hasbeen provided. Thedesign proved to
be conservative with large safety margins.

Finally, planned experiments for the PFTF were
discussed. The first PFTF flight experiment will be a
simple tube with a conical nosetip for use in envelope
expansion and instrumentation checkout. Future
propulsion-related experiments include inlet testing,
distortion rake development, and firing of a methane-
oxygen, axisymmetric, rocket-based combined cycle
experiment.
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